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(54) AJrfcagW made of pfastic film - for heacltejee, or ehfld restraint 

(57) To reduce weight, an elrbag 100 is made of thin plastic film. Preferably, two layers 110 and 120 are marie 
of different materia te. Rke nylon, pory ethylene, or polyester. These layers may be glued together; the outer 
layer may be Teflon (RTM). The airbag may be made of a number of tubes, which may be held together by a 
net 121; the net may be installed between inner and outer film layers. Kevtar (RTM) fibres may be sealed 
between the 51ms, to strengthen them against tearing, (fig. 1Q The airbag may be usedas a bag to protect 
l^ees^pr a child Bleeping bctoss a scat, (fig. 4). This embodiment has a dedtoeclTnflator^not shared with a 
head restraining bag. Fig. 6 shows deployment of a bag where a child seat is fitted. There are no vents in the 
film, as they would encourage tears; fig. 5 shows an Inflation and deflation manifold. Port 515 and flap 516 
control pressure withm the arbagte). 
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FILM AIRBAG 

CROSS REFtRBMCE 

This application is related to copending patent applications "Improved Airbag 

System - filed — and 'An Efficient Airbag Module" filed — which are 

included herein by reference. 

BACKGROUND OF THE INVENTION 

Airbags today are made from woven material which is usually nylon or, more recently, 
polyester. This material is frequently coated with either neoprene or silicon rubber which 
results in a material having substantial mass and which can cause an occupant to be injured 
when struck by an inflating airbag. According to one estimate as many as one third of aQ of 
the occupants that are involved in caT crashes where the airbag deploys are Injured by Ihe 
airbag. Those that are unfortunate enough to be resting against the airbag when it deploys 
can be seriously injured or even killed by the airbag cover or deployment door as the airbag 
initially emerges from its housing. However, the vast majority of the cases involve impact 
injuries between the airbag fabric and the occupant's face or arms. Experimental results 
published In a recent Society of Automotive Engineers paper show that the cause of the injury 
is from the momentum of the bag material as ft strikes the occupant and not from abrasion of 
the airbag rubbing on the occupant 

Airbag systems today are designed so ihat ideally the airbag is fully inflated before the 
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occupant moves into the space which wm be occupied by the airbag. However, most 
occupants are not positioned at the idea! location assumed by the alrbag system designer. 
Many occupants sit very dose to the airbags end thus are injured by the alrbag deployment 
and others sit far from the airbag and therefore must travel some distance before receiving 
the benefit of the alrbag. 

Severe out of position occupant situations, where the occupant is resting against the airbag 
when deployment begins, can only be handled using an occupant position sensor, such as 
disclosed In copending patent appHcation 08/040,978 which prevents an airbag from 
deploying if an occupant Is more likely to be seriously injured by the airbag deployment than 
from the accident itself. In many less severe accidents, the occupant wifl still interact with 
the deploying airbag and sustain injuries ranging from the mild to the severe. In addition, 
some occupants sit very far from the steering wheel or instrument panel and. wHh 
conventional airbags, a significant distance remains even after the airbag Is fully Inflated. 
For these reasons ft would be desirable to have an airbag system that adjusts to the location 
of the occupant and where the impact of the alrbag causes tfttle or no injury. 

Airbags made from plastic film have heretofore not been used. One reason is thai if a film 
bag is as large as a conventional airbag it must also be quite strong and therefore nearly as 
heavy as a woven airbag. This results from the fact that If a film alrbag Is punctured it can 
fail catastrophicalty like a bursting balloon. 

There is a great deal of concern today for the safety of a child in a rear facing child seat 
when it is used In the front seat of an alrbag equipped vehicle. The passenger side airbag has 



sufficient force to cause significant injury to a child sitting in such a seat and parents are 
warned not to use child seals in the front seat of a vehicle having a passenger side airbag. 
Several automobile companies are now experimenting with rear seat alrbags where the child 
seat problem would be compounded. Also, especially on long trips, children frequently lie 
down in the front or rear seats of the vehicle to sleep. Present airbag systems are incapable 
of protecting such occupants who will sOde underneath the airbag. 

Airbags are designed to Interact with an occupant tn a symmetrical fashion. Many accidents 
have substantial angularity resulting in an occupant impacting with one edge of the airbag and 
thereafter sliding off of the airbag without receiving irs full protection capability. 

These and many other problems associated with current airbags are solved by the airbag 
designs disclosed in the paragraphs below. 

SUM^RY OF THE INVENTION 

In a preferred Implementation of the present invention. multiple thin film airbags are inflated 
and confined to act together through the use of a surrounding net. The inflator, which is 
typically of the aspirated type fills, the airbags through a manifold in a controlled sequence 
until each bag is filled with a specific pressure indicative of either being fully inflated or of 
interaction with an occupant. The pressure in each airbag is low until the airbag interacts 
with the occupant and the pressure then begins to rise. Thus, the airbags substantially 
surround the occupant providing me maximum protection. 



The principle objects of this invention are: 

1. To substantially reduce the cost and weight of airbags through the use of thin films. 

2. To utilize thin film airbags in a manner which eliminates the catastrophic bursting of the 
film in the event of an inadvertent puncture. 

3. To provide an occupant restraint airbag system for a single occupant which is composed 
of several 6 mailer airbags. 

4. To provide an airbag system for the protection of an occupant which automatically adjusts 
, to the occupant's seating position. 

5. To provide an airbag system which automatically adjusts to the presence of a child seat. 

6. To provide an aiibeg system which provides knee protection for the seated occupant and 
protection for the child lying on the vehicle seat 

7. To provide an airbag system which exhausts back through the inflator structure thereby 
eliminating the need for vent holes in the airbag. 

B. To provide a method of containing a plurality of airbags through the use of a net structure. 
9. To provide an alternate system to a net using a airbag which is inflated by other airbags. 



10. To provide alrbag system having a variable exit orifice to reduce the peak chest 
acceleration, to reduce the amount of propellant required, and to permit more efficient use of 
the airfaag deflation. 

11. To provide a simple construction method for an airbag composed of several mlni-airbags. 

These and other objects and advantages of the present invention wili become evident through 
the descnptfon of the preferred embodiments which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG- 1 Is a perspective view with portions cut away and removed of a film airbag within a 
second larger film airbag. 

FIG. 1 A is an enlarged view of the inner film airbag and outer film airbag taken within circle 
1AofFlG.1. 

FIG. 1B is an enlarged view of the material of the inner film airbag and outer film airbag 
taken within circle 1A of FIG. 1 but showing an alternate configuration where the outer airbag 
has been replaced by a net 

FIG. 1C ts an enlarged view of the material of the inner film airbag and outer film airbag 
taken within circle 1A of FIG. t but showing an alternate configuration where fibers of Kevlar 



and incorporated into the adhesive layer between the two turns, 

FIG. 1D is a perspective view with portions cut away of a vehicle showing the driver airbag 
of FIG. 1 mounted on the steering wheel and inflated. 

FIG. 2 Is a perspective view illustrating the use of multiple film airbags plus a net to form a 
protection system for a single occupant 

FIG. 3 is a perspective view of a self limiting airbag system composed of a multiplicity of 
airbags designed to inflate to a designed pressure. 

FIG. 4 is a perspective view with certain portions removed of a airbag designed to support 
the knees of an occupant and protect the steeping chDd- 

FIG. 4A Is a perspective view with portions cut away of a vehicle showing the knee bolster 
airbag of FIG. 4 in an uninflated condition mounted to provide protection for a driver. 

FIG. 5 is a detail of the manflotd used to distribute tnfiator gases to the airbags of FIG. 4 and 
to provide a variable exit orifice for the gas from the airbags during deflation. 

FIG. 6 Is a perspective view of a self limiting airbag system composed of a multiplicity of 
airbags designed to not cause Injury to a child in a rear facing child seat 

FIG. 7 is a perspective view of an airbag system for rear seat passengers where the airbag 



Is formed from lubes. 



FIG. 8 is a perspective view of a driver airbag made from tubes. 

FIG. 8A is a perspective view of a driver airbag of FIG. 8 shown in a condition prior to being 
rolled. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A fundamental problem with the use of plastic films for airbags is that when a single film is 
used and a tear is introduced Into the film, the tear propagates easily . and the airbag fails 
catasuophicalfy. This Invention Is concerned with various methods ol eliminating this 
problem and thus of permitting the use of films for airbags with the resulting substantial cost 
and space savings as well as a significant reduction in injuries to occupants. 

One method of solving the tear problem is to use two airbags, one inside the other, where the 
airbags are attached to each other with an adhesive which is strong enough to hold the Iwo 
bags closely together but not sufficiently strong to permit a tear in one bag to propagate to 
the other. If a tear is initiated in the outer airbag, for example, the material cannot support 
significant tensile stresses in the material close to the tear, so the inner airbag must 
accommodate the Increased tensile stress until it can be transferred to the outer bag at some 
distance from the tear. If the tear is caused by a small hole, this increased stress In the 
inner bag may only occur for a few hole diameiers away from the hole. 



A problem arises with this system when the cause of the tear in one airbag also causes a tear 
in the second airbag. This problem can be solved If the materials used for the two airbags 
are strongly anisotropic and are attached to each other with their preferred tear directions 
placed at right angles to each other. In this case, even though a tear starts in both airbags at 
the same time and place, the tear will propagate along mutually perpendicular directions and 
a catastrophic failure will be avoided. An example of a two bag construction is illustrated in 
FIG. 1 which is a perspective view with portions cut away and removed of a film airbag 
within the second larger film airbag. 

In FIG. 1, the airbag system is shown in the inflated condition generally at 100 with one 
airbag 110 lying Inside a second airbag 120. FIG. 1A Is an enlarged view of the material of 
the Inner airbag 110 and outer airbag 120 taken within circle 1A of F1G.1- When 
manufactured, the film of the Inner airbag was made so that the preferred tear propagation 
direction is In- the vertical direction, for example, as shown in FIG 1A. In this case, the 
preferred tear direction for the film of the outer airbag 120 would be in the horizontal 
direction. The two film layers are held together by an adhesive 130. If FIG. 1 a driver side 
airbag is illustrated where the bag is formed from two flat pieces of material and a center 
cylindrical piece all of which are joined together using heat seating with appropriate 
reinforcement at the heat sealed joints. 

The example of FIG. 1 is meant to be 'illustrative of a general technique to minimize the 
propagation of tears in a composite airbag. In an actual airbag construction the process can 
be repeated several times to create a composite airbag composed of several layers each 
joined together with adhesrves which are weaker than the films. For the purposes of this 

B 



disclosure, the term composite airbag will mean: a film airbag composed of two or more 
layers which may or may not be joined together including cases where the layers are joined 
during an extrusion processing step such as In co-extrusion; or, where a film layer is 
combined with another reinforcing material such as fibers or a woven or molded net 

The materials used for the various film layers can be the same or different and are generally 
made from nylon, polyethylene or polyester, although other materials could also be used. 
The use of different materials for the different layers has the advantage that tear 
propagation and strength properties can complement each other. For example, a material 
which Is very strong but tears easily can be alternated with a weaker material which 
requires a greater elongation before the tear propagates. Another reason for using different 
materials is to minimize the sticking of the layers of the film material when the airbag is 
folded and stored for a long period. For this case the film may be composed of several layers 
wfth the outer layer made from a mini-stick material such as polyethylene or Teflon®. 

In the implementation of FIG. 1, the adhesive 130 has been applied in a uniform coating 
between the film layers. In some cases it is preferable to place the adhesive non continuous, 
usually in a pattern, so as to permit a tear to propagate a small distance before the stress is 
transferred between layers. This permits the stress concentration points to move a small 
distance away from each other in the two films and further reduces the chance that a 
catastrophic failure will result. 

FIG. 1B illustrates an alternate configuration where the outer airbag has been replaced by a 
net. The net 121 can be attached by an adhesive 130, or by another method such as heat 



sealing, to the inner atrbag 110 or it can be left unattached. In this case the stress In the 
inner bag Is transferred to the net which is designed to carry the main stress of the 
composite airbag and the film is used mainly to seal and prevent the gas from escaping. Since 
there is very little stress in the inner airbag. a tear will in general not propagate at all 
unless there Is a failure in the net strxture. The net in this illustration has a mesh with 
openings of about .25 inches. The adhesive also serves the useful purpose of minimizing the 
chance that the net will snag buttons or other objects which may be worn by an occupant. 

Many other variations are possible. In one case, for example, the net 121 is placed between 
two layers of film so that the outer surface of the composite airbag is smooth. In another 
case shown in FIG. 1C, fibers of Kevlar or other suitable material, are randomly placed and 
sealed between two films. In this design the fibers 122 act to prevent the propagation ol 
tears. 

Trie driver airbag of FIG. 1 Is shown mounted on a vehicle and Inflated In FIG. ID. 

In another particularly useful case, multiple independent airbags are placed within a single 
net. An example of such an arrangement is illustrated In FIG. 2 which is a perspective view 
illustrating the use of multiple film airbags plus a net to form a protection system tor the 
vehicle driver. 

A net has an advantage over a Him in its ability to handle tears. Once a tear begins in a 
relatively rigid film, the stress concentration at the point where the tear is propagating is 
very large and approaches infinity tor a very rigid Him even when the tensile stress in the 
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film as a whole is low. Since the materia! cannot resist these very large stresses, the tear 
propagates rapidly and the film falls. An extreme example would be a film made from glass. 
To the extent that the film will yield and flow plastically there is some resistance to the 
propagation of the tear but for most plastic films this is quite limited and once a tear begins 
It rapidly propagates and failure occurs. 

In the case of a net, on the other hand, there is no mechanism for a tear to propagate beyond 
one of the strands. If, for example, a microscopic tear were to appear in one strand that 
strand might fall. The adjacent strands would experience an Increase in tensile force which 
would rapidly be distributed over many strands If some elastic or plastic deformation of the 
strands can occur, but a catastrophic failure would In general not occur. Since each strand of 
the net must fail in tension and, since there is no need for the net to seal the atrbag, the 
strands can be placed at some distance from each other and made quite strong while still 
using substantially less material than a woven airbag. The woven alrbag is in a sense a net 
with very small openings. As a result it begins to act more like a film than a net with the 
stress concentration at the tear causing catastrophic failure as each strand of the woven 
airbag fails. 

This can be analyzed to give a quantitative understanding of the advantages of a net as 
follows. - (Insert Tom's analysis here) 

For the reasons discussed above it can be seen that a net is a more efficient means for 
resisting tear propagation than either a woven material or a film. A film, on the other hand, 
is effective at sealing and retaining the gas in the airbag. A combination of a net and a film 
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Ihus combines the best properties of both materials. One way to use this combination is to 
inflate a film airbag inside of a net. If a single film airbag is used and if the film is smaller 
than the net then a catastrophic failure can still occur. The film airbag should be used to 
retain and seal the gases and the net to absorb the tensile forces. Therefore, the film airbag 
should be larger than the net. This requirement can be somewhat relaxed if multiple film 
airbags are used within a single net. In this case ff one of the airbags failed, the others will 
substantially fill in the void and prevent a catastrophic failure of the entire system. In 
general, however, it is better not to rely on the film airbags to resist the gross tensile 
forces caused by an occupant interacting with the airbag but to design the net for that 
purpose. 

FIG. 2, therefore, shows a case where a single net is filled with a plurality of thin film 
airbags where the airbags are used to seal the gas and the net is used to retain the individual 
airbags and to supply the main tensile forces to resist the intruding occupant. When a single 
airbag is deployed into a single net, the system will try to assume an approximately 
spherical shape. The preferred shape for a driver side airbag, on the other hand, is more like 
a thick flat disk which requires the use of internal tethers In standard airbags or comparable 
structure for a single film airbag. This shape can be approximated if multiple film airbags 
are used to fill the net. The size of each individual airbag determines the composite bag 
thickness or the extent to which it can project outward toward the driver and the number of 
such airbags used determines the height and width of the airbag. Naturally the overall size 
and shape of the net also affects the overall shape of the airbag system. In this manner, any 
reasonable airbag shape can be approximated without the use of the tethering straps now 
used with airbags ai a substantial cost savings. Alternately, If tethers are still required. 
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they can be placed in the net. between the airbags, if multiple alrbags are used. 

In RG. 2 the composite airbag is shown generally at 200 and is comprised of a net 210 and a 
plurality of film minf-airbags 220. Each of these mlni-aiibags ts attached to a manifold, not 
shown, which distributes the gas generated by the inflator also not shown. When the sensor 
and diagnostic system determines that the airbag should be deployed, an electric current is 
sent to the inflator which thereefter begins generating gas. The gas flows into the manifold 
and then to the individual film alrbags 220 as described in more detail below. Each film 
airbag 220 inflates and fills the net forming the composite airbag 200 in time to protect the 
occupant The net can either be made from a woven material, or ii can be molded in which 
case n can be easily formed to the precise shape desired for a given application. 

Multiple airbags reduce the stress in each bag permitting the use of very thin films In some 
cases less that .001 Inch. The strands of the net are typically less than .02 thick but the net 
only covers a small portion of the surface of the composite airbag. The result is a composite 
airbag which when folded and stored, occupies a substantially smaller volume, typically 
about 1/4. than that of conventional airbags of comparable inflated size. 

A particularly useful improvement to the system illustrated in FIG. 2 results if the amount of 
gas used to inflate each of the film airbags ts controlled by the pressure within the airbag. If 
each Him airbag Is inflated only to the point that the pressure within each airbag reaches a 
value such as 5 psi f for example, at which time little or no additional gas flows into the 
airbag, then each airbag will inflate either until it fills completely or until its forward 
surface interacts with some object such as the occupant. In this manner the deployed shape 
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of the composite airbag is determined by the position and size of the occupant An example of 
this self limiting design is illustrated in FIG. 3 which is a perspective view of a self limiting 
airbag system composed of a multiplicity of airbags designed to inflate to a known pressure. 
Naturally, if a single large airbag Is used, the shape of the airbag will be determined by the 
shape of the interacting occupant in a similar manner. The difference here is that there is 
greater flow resistance of the gas going from one airbag to another than from one part of a 
large airbag to another part. This fact serves to allow the airbag system to better capture 
the occupant and reduce the chance for him/her to slide off of the airbag system. 

In Rg. 3 a driver's side airbag 300 is comprised of a plurality of film airbags 320. During 
deployment, gas Is fed to all of these airbags through a manifold 310, which is this case is in 
the form of a larger airbag. However, as soon as the pressure in one or more of these 
airbags reaches some particular level, the flow Into the airbag is stopped and the gas 
continues to flow into the other airbags 320 which stiD are at low pressure. As soon as all 
of the airbags reach a limit pressure, the remainder of the gas Is shunted Into the passenger 
department 350 through a valve in the manifold 310 as described below. 

In FIG. 3, if the driver's side bag Is composed of a plurality of minl-airbags, and each mlni- 
airbag inflates out to where it impacts the occupant, at which point it slops moving and the 
pressure builds in the bag cutting off further flow. Since the inertia of the film airbag is 
very low, the occupant is not injured by this Impact. In this design the composite airbag is 
designed to always interact with the occupant regardless of where he or she Is sitting. In 
this implementation, shown in FIG 3, the composite airbag is substantially larger than the 
occupant and therefore wraps around him/her since some of the bags on the peripheral of the 

14 



composite airbag do not interact with him. This system not only provides a maximum stroke 
for any particular seating position of the occupant, but also protects him from side motions 
and somewhat captures him assuring that he will receive the full benefit of the airbag instead 
of sliding or rolling off h. 

The use of multiple airbags and a manifold in addition provides greater control of the manner 
tn which the composite airbag is inflated, and such Issues as bag folding become much less 
important. Through the design of the manifold, as descrfoed in more detail below, particular 
airbags can be inflated preferentially to others permitting parts of the composite airbag to be 
brought into engagement with the occupant before other parts. In the case of a driver airbag, 
for example, the center section can be inflated first which will fix the airbag to the 
occupants chest while the lower part is inflated to provide protection from the lower 
steering wheel rim. This reduces the chance that the occupant will roll the composite airbag 
up over the top of the steering wheel compromising the system effectiveness. 

tn FIG s. 2 and 3, attention was focused on airbags to protect the head and chest of the 
occupant. Another application for the airbags is for knee protection. An example is shown in 
FIG. 4 which Is a perspective view with certain portions removed of a self-limiting airbag 
designed to support the knees of an occupant and protect the sleeping child 

Although knee bags have been used in the past, they have been inflated inside of a front 
passenger airbag and from the same infiator. Today, all knee protection systems rely on non- 
inflated knee bolsters. However, many people are not receiving proper knee protection from 
the knee bolsters and the auto companies are concerned with the difficulty in designing 



effective knee restraints. If the knee bolster is mounted dose to the occupant's knees, then 
customers complain that there is not sufficient leg room. On the other hand, if the knee 
bolster is too far away, then the occupant can submarine underneath the airbag and be 
seriously injured, especially if he or she Is not wearing a seatbelt The film and net 
composite airbag of this invention combined with the improved modular design disclosed in 
copending patent application — referenced above, results in a low cost system for providing 
Knee protection, Additbnafly, if the composite . airbag is made large enough ft can also 
provide protection for a sleeping chBd lying on the seat. 

In FIG. 4 a composite knee protection airbag system for the front passenger is shown 
generally at 400. it includes an outer airbag or net 410, a plurality of film eirbags 420, a 
manifold and an aspirated inflator, not shown. Since each of the alrbags 420 ads 
independently they serve to effectively capture the occupants knee preventing it from 
moving sideways. Since the airbag fills the entire space between the knee and the instrument 
panel and since the instrument panel is now located at 8 substantial distance from the 
occupants knees, there is substantially more deflection or stroke provided for absorbing the 
energy of the occupant. Since the deployment of the knee bag Is limited only by the 
interaction with an occupant or some other object the composite knee airbag wlD Inflate until 
it fins the void below the upper airbag 470 providing protection to the sleeping child. 

The knee protection airbag of FIG. 4 is shown mounted on a vehicle and Inflated in FIG. 4B. 



Several of the implementations disclosed above make use of a manifold to distribute the gas 
from the inflator to the various film airbags. One example of a design of such a manifold is 
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shown In FIG. 5 which is a detail view of the manifold used to distribute inflator gases to the 
airbags of FIG. 4. In FIG. 5 the manifold is shown generally at 500 and consists of entry 
ports 510 for receiving gas from the inflator not shown. A plurality of exit ports 530 
appear opposite entry port 510 which lead to the various film airbags. Certain of the exit 
ports 530 are more nearly in line with the entry ports 510 and therefore receive gas in 
preference to other of the ports 530. In particular, H Is easier for gas to enter port 531 
which is directly across from port 510 than it is for gas to enter port 539 which Is 
substantially displaced from port 510. As the film airbag attached to port 531 fills, 
however, the pressure in the airbag increases until additional gas is prevented from entering 
port 531 and the gas in diverted to the other ports and eventually to port 539. By varying 
the geometry of the chamber 550 and the diameters of the exit orifices 530, the distribution 
of the gas from the inflator 590 to the various airbags can be controlled. Eventually, when 
all of the airbags are fined, the pressure within the chamber 550 Increases to where any 
further gas delivered by the gas generator turns and flows back out through a special port 
515 provided in the manifold chamber 550. 

One disadvantage of fflm airbags is that H is more difficult to place exit orifices within the 
airbag to allow tor the discharge of the gas from the airbags during the airbag deflation 
process. This has been advantageously solved in the example of FIG. 5 through the use of 
port 515 and spring biased cover 516. When the pressure builds in the manifold chamber 550 
either due to the pressure rising in alt of the mlnl-alrbags during inflation or due to the 
loading of the airbag by an occupant during a crash, cover 516 opens and the gas in the 
manifold exists into the passenger compartment regardless of whether the gas is coming 
from the Inflator or the minl-alrbags. A further advantage results in that since the exhaust 



path is dosed until the occupant loads the airbags, the inflator need 611 the airbags only once. 
In current designs, sufficient gas is produced to approximately fill the airbag twice. Finally. 
If the occupant Is pressing against the airbag module cover when the airbag starts to deploy, 
port 515 wltl open and all of the gas will discharge into the passenger compartment 
preventing serious deployment Induced injury to the occupant. 

In FIG. 6 the advantages of the self limiting airbag system disclosed herein, when used with a 
rear facing child seat, are illustrated, in this case the airbag deploys but the deployment 
process slops when each of the film airbags interacts with the child seat and the pressure 
within each bag rises to where the flow is stopped. In this case, the child 640 is surrounded 
by airbags 620 and further protected from the accident rather than being injured as is the 
case with current design airbags. 

One method of forming a film airbag is illustrated generally at 700 In FIG. 7. In this 
implementation, the airbag is formed from two flat sheets of 01m material which have been 
heat or adhesive sealed at joints 721 to form long tubular shaped mini-airbags in much the 
same way that an air mattress is formed. In FIG. 7, a single layer of minl-airbags 720 is 
shown. In other implementations, two or more layers would be used. Also, although a 
tubular pattern has been illustrated, other patterns are also possible such as concentric 
circles, waffle shaped or one made from rectangles. A modification of the tubular geometry 
which is suitable for a driver side results when the tubular geometry of FIG. 7 is rolled up 
with the tube ends pointed at the driver as shown In FIG. B. 

In FIG. 8 a driver's side airbag is illustrated at 800 which is made In a similar manner as the 
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airbag 700 in FIG. 7. In this case after the flat films are sealed together to form the layer of 
tubes, the assembly is rolled keeping the tubes parallel after which the assembly is folder to 
form the pre-inflated package. When inflated, the tubes extend toward the driver. The 
airbag is surrounded by several layers of film which holds the tubes in place. A plan view of 
the tubes before they are rolled is shown in FIG. 8 A where the layer 823 Is heal sealed with 
layer 824 to form the tube minj-airbags 821. Excess material from layer 823 is wrapped 
around the assembly to support and hold the tubes together. 

In general, this disclosure has been concerned with plastic film. Naturally other materials 
including rubber could be used to make films for some airbag applications. Also, the word net 
as used herein means a material which contains a substantial number of holes and therefore 
would be porous and not be suitable alone for making an airbag. A net can be made by 
weaving or knitting threads, string or yarn together or it can be made from plastic by 
molding. For the purposed herein, a net wfll Include the use of reinforcing fibers distributed 
within a single film or sandwiched between two or more films. Naturally, a net and a film 
can be combined together into a single material either by heat sealing, gluing whh adhesive, 
molding or other suitable method. Such a composite structure is included in the terms film 
and net as used herein. 

Although several preferred embodiments are illustrated and described above, there are 
possible combinations using other geometries, materials and different dimensions tor the 
components that perform the same functions. This Invention is not limited to the above 
embodiments and should be determined by the following claims. 
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CLAIMS 



1 . In a vehicle having an inflatable occupant protection system, an 
inflatable occupant restraint comprising: 

an air bag comprised of at least one non perforated layer of plastic 
5 film; 

means to inflate said airbag: 

means to attBch said airbag to said inflation means: 

means to initiate said inflation means in response to a crash of said 

vehicle: and 

10 means to attach said inflation means to said vehicle. 

2. The invention in accordance with claim 1 wherein said film 
comprises at least two layers of film. 

3. The invention in accordance with claim 2 wherein said film layers 
are attached to each other by an adhesive. 

1 5 4. The invention in accordance with claim 1 wherein means are 
provided within said film to arrest the propagation of a tear. 

5. The invention in accordance with claim 1 further comprising vent 
means mounted within said inflation means for deflating said airbag. 

6. The invention in accordance with claim 1 wherein said airbag is a 
20 composite airbag. 

7. In a vehicle having an inflatable occupant protection system, an 
inflatable occupant restrain comprising: 

an outer airbag: 

at least one inner airbag, each comprising at least one 
25 nonperforated sheet of plastic film. 

said at least one inner airbag when inflated substantially filling said 
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outer alrbag: 

means to inflate said at least one inner airbag: 

means to attach said at ieast one inner airbag to said inflation 

means: 

means to initiate said inflation means in response to a crash of said 
vehicle: and 

means to attach said inflatable occupant restraint to said vehicle. 

8. The invention in accordance with claim 7 wherein said inner airbag 
is comprised of a material having substantially anisotropic tear properties. 

10. The invention in accordance with claim 8 wherein said outer airbag 
is comprised of a material having substantially anisotropic tear properties 
and the direction of least tear resistance for said outer airbag is 
substantially different from the direction of least tear resistance of said 
inner airbag. 

1 1 . The invention in accordance with claim 7 wherein said inner and 
outer airbags are comprised of materials having different properties. 

12. In a vehicle having an inflatable occupant protection system, an 
inflatable occupant restraint module comprising: 

a housing: 

at least one airbag contained within said housing prior to 
deployment: 

a net surrounding said airbag contained within said housing prior to 
deployment 

means to inflate said airbag comprising gas generation means: 
means to attach said airbag to and in fluid communication with said 
inflation means: 

means to attach said inflation means to said housing: 

means to initiate said gas generation means in response to a crash 

of said vehicle; 
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means to attach said net means to said module housing: and 
means to attach said module to said vehicle. 

13. The invention in accordance with claim 12 wherein said net 
comprises holes having an opening dimension of at least .25 inches. 

14. The invention in accordance with claim 12 further comprising a film 
layer outside of said net 

1 5. The invention in accordance with claim 1 2 wherein a plurality of 
airbags are surrounded by said net. 

16. In a vehicle having an inflatable occupant knee protection system 
and at least one seat, an inflatable occupant restraint comprising: 

at least one nonperf orated plastic film knee restraint airbag: 
dedicated inflation means for providing gas only to said at least one 
knee restraint film airbag: 

means to attach said at least one airbag to and in fluid 
communication with said inflation means: 

means to initiate said inflation means in response to a crash of said 
vehicle: and 

means to attach said inflation means to said vehicle. 
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